Aims: To determine whether the implementation of alcohol control policies was associated with changes in the incidence of road traffic deaths. Measures: Aggregated daily counts of road traffic deaths. Restrictive policies were compared with lax policies to estimate the effect of reducing hours of alcohol availability using multiple negative binomial regressions.
Worldwide, there are 268,246 alcohol-attributable deaths due to road accidents each year (World Health Organization, 2011) , which may account for up to a third of all traffic-related deaths (Transportation, 2009) . Effective measures to reduce alcohol-impaired driving and the associated morbidity and mortality include alcohol taxation, increasing the age limit for legal purchase of alcohol, reducing the number of places that sell alcohol on or off their premises, enforcing regulations for licenses to sell alcohol, and conducting breath tests on drivers (Babor et al., 2010) . As well, restricting the hours or days of sale of alcohol directly reduces the prevalence of excessive alcohol consumption and impaired driving Middleton et al., 2010) . Little is known about how alcohol control policies that limit the hours during which alcohol may be sold and publicly consumed affect actual traffic-related deaths.
Cali is the third largest city in Colombia. Between 1998 and 2008, there were 3,946 road traffic deaths in this citya rate of 17 per 100,000 inhabitants (CISALVA, 2008) , higher than the rates of Colombia as a whole and the United States (World Health Organization, 2010) (see Figure 1 ). During this period, several policies were implemented that aimed to restrict alcohol availability after certain hours (Guerrero & Concha-Eastman, 2001 ). Prior work from our group showed that lax policies were associated with a higher risk of homicides, compared with more restrictive policies (Sanchez et al., 2011) . In this study, we examined the association between policies limiting hours when alcohol may be sold and/or publicly consumed and road traffic deaths in Cali.
Figure 1
Comparative of road traffic death rates between Cali, Colombia and other countries (per 100,000 population)
Methods

Study Design and Settings
This ecologic study used data on road traffic mortality and focused on the population of the city of Cali from January 1, 1998 to December 31, 2008. During these 4,018 days, policies limiting the sale and public consumption of alcohol were in effect continuously, but with variations in the hours of restriction. Because these variations were applied intermittently, we used an interrupted time series design with multiple replications to compare periods with different interventions (Cook, 1979; Kedem, 2002) .
Study Data
The Cali Crime Observatory collects demographic and related information on all injury deaths. This data source is coordinated by the Mayor's Office and is produced by several different governmental entities. It has been recognized as an efficient and opportune injury surveillance system that makes data available at the local level (ConchaEastman, Espitia, Espinosa, & Guerrero, 2002; GutierrezMartinez, 2007; Villaveces et al., 2000) . We requested deidentified information, which includes sex and age, mode of transport, and the date and hour of the injury.
Population
The city of Cali is one of the fastest-growing economies in the country. Nightlife is an important part of the culture and economic activity of the city (Concha-Eastman, Espitia, Espinosa, & Guerrero, 2002; Guerrero & ConchaEastman, 2001 ). The structure of the population of Cali was obtained from the census of 2005 performed by the National Administrative Department of Statistics (DANE). According to the conciliation performed after the census, the population in 1998 was 1,950,878. Agreeing with the projections based in this census, the population in 2008 increased to 2,184,753 (DANE, 2010) .
Alcohol Restriction Policies
Regulation occurred at the local level, coordinated through the Mayor's Office and disseminated to the public through mass media. The limitation of sale of alcohol is here defined as "applying regulatory authority to limit the hours that alcohol may be sold at on and off-premises alcoholic beverage outlets." On-premises retailing refers to the sale of alcohol for consumption at the point of sale (e.g., at bars, restaurants, or clubs); off-premises retailing refers to the sale of alcohol for consumption elsewhere (e.g., at liquor stores, grocery stores, or convenience stores).
Different types of policies made reference to the restriction of alcohol. The first policy was defined as full-restrictive ------IJADR 3(2) ------and prohibited alcohol between 6 p.m. and 6 a.m. of the next day during 97 non-consecutive days; it was implemented during political elections and national security warnings. The second policy was defined as most restrictive and prohibited alcohol sales between 1 a.m. and 10 a.m. during 300 non-consecutive days. The third policy was defined as restrictive and established the prohibition of alcohol between 2 a.m. and 10 a.m. during 1,589 nonconsecutive days. The fourth type of policy was defined as moderately restrictive and banned alcohol between 3 a.m. and 10 a.m. during 1,759 non-consecutive days. Lax policies prohibited alcohol between 4 a.m. and 10 a.m. during 273 non-consecutive days occurring in August and the last week of December. Figure 2 indicates when each of the policies was in force between 1998 and 2008.
Data on how policies were disseminated was obtained from the Mayor's Office archives. Enforcement of the policies was carried out by local law enforcement through the use of random checkpoints throughout the city to identify individuals under the influence of alcohol. The standard procedure was to arrest individuals who were consuming or vending alcohol, close places where alcohol beverages were being consumed or sold at forbidden times, and take vehicles off the road if the driver was intoxicated.
Outcome Measures
The main outcome measure was the aggregated daily count of all traffic-related deaths. Secondary outcome measures were the separate aggregated daily counts of deaths of motorcyclists, drivers/passengers of vehicles, pedestrians, and cyclists. We computed mortality rates using the estimates of population by age, sex and year in order to calculate person-years of exposure (Villaveces et al., 2000) .
Statistical Analysis
We fitted multiple negative binomial regression models to the daily crash fatality counts to test the effects of alcohol restrictions on overall traffic-related mortality and on the daily fatality counts of different road users. This method accounts for the non-normality and over-dispersion of data and allow us to adjust for different confounders (Eger, 2006; Kedem, 2002; Villaveces et al., 2000) . Restrictive policies were compared with lax policies in order to estimate the effect of reducing hours of alcohol sales and consumption.
We based the selection of variables on two previous studies performed in the city. The first one evaluated the impact of public policies on the mortality rates of motorcyclists. The second one analyzed the effects of restriction of alcohol on the rates of homicides (Espitia-Hardeman et al., 2008; Sanchez et al., 2011) .
Figure 2
Time-series plot of alcohol restriction policies and aggregated daily counts of traffic deaths in Cali, Colombia, 1998-2008
Since policy type was defined by the hours of restriction, we used the predictive mean-matching imputation method to avoid missing values in the hour of injury occurrence (Landerman, Land, & Pieper, 1997) . Because traffic injury deaths and alcohol consumption both increased on weekends, we categorized the days of the week as weekdays (Monday through Thursday) and weekends (Friday through Sunday). We also created a variable to account for the effects of holidays and generated an interaction term between weekends and holidays (Villaveces et al., 2000) .
We explored the confounding effect of motorcycle-specific policies. These policies were applied intermittently. Since 1998, the use of helmets has been mandatory, and law enforcement institutions have prohibited passengers on motorcycles as a safety measure. In addition, the Mayor's Office banned motorcycle traffic after certain hours of the night. Since 2001, reflective jackets have been mandatory (Espitia-Hardeman et al., 2008) .
In Cali, mayors were elected to serve three-year terms during the period from 1998 to 2003, and have served fouryear terms since 2004. The Cali mayor elected for 2004-2007 was removed before his term was completed, and there was a provisional administration for 14 days, followed by a new one delegated by the national government for less than a year. Finally, a new mayor was elected in 2008. We created a variable with the exact number of days of every administration, in order to take Cali's political context into account.
We explored the potential confounding effect of a national policy that has been in effect since November 8 of 2002 and December 31 of 2008. The national code of traffic regulation was changed to include economic sanctions, and vehicles were detained if the driver was found to be under the influence of alcohol.
Finally, we estimated two fractional polynomials to account for annual overall trends (Royston & Altman, 1994) . We also accounted for seasonality by the estimation of sinecosine pairs with annual periodicity (Perez, MarlDell'Olmo, Tobias, & Borrell, 2007) . These estimations were performed for the main outcome and separately for every subgroup of road users. The final regression models accounted for age, sex, weekends, holidays, motorcyclespecific policies, political administrations, national policy, fractional polynomials and sine-cosine pairs.
Traffic injury death rates were higher during 2000. This increment can be explained by the decrease of traffic police personnel in the city, but also by factors not accounted for in our analysis. After this peak, there was a drop in mortality during 2001.
Sensitivity analyses were performed from 2001 to 2008 to evaluate the robustness of the estimations. The rationale for this analysis was to demonstrate that this drop of mortality had no statistical influence on the effects of alcohol restriction policies. All the regression models were fitted using STATA (Version 11). Results are presented as incidence rate ratios (IRR) with 95% CI and P-values (Vittinghoff E., 2005) .
Results
Descriptive Analysis
There were 3,946 traffic-related deaths, with a rate of 17.31 per 100,000 person years. Pedestrians accounted for 45.5%; motorcyclists were 27.3%; cyclists 12.9%; and vehicle occupants 12.6%. The year 2000 had the highest incidence of traffic-related deaths. Mortality was higher on weekends and holidays. Males had higher mortality. Incidence of traffic injury deaths was lower after the modification of the national traffic code in 2002. The highest incidence of traffic injury occurred under the first political administration during the study period. Table 1 summarizes the number of cases and the incidence rates by sex, age and other covariates.
Regarding the preventive policies for motorcyclists, prohibition of motorcycle traffic after 11 p.m. was associated with the lowest rates of mortality. The helmet law and the prohibition of passengers were both also associated with lower incidence rates. Table 2 depicts the cases and the incidence rates for different type of preventive policies for motorcycles.
We observed the highest incidence rate of traffic road deaths when the least restrictive policy was in effect. The lowest incidence rate in overall mortality was observed during the most restrictive policies. The lowest rates for motorcyclists were observed during the most restrictive and full restrictive policies. Table 3 summarizes the number of cases and incidence rates according to the different alcohol restriction policies.
Multivariate Analysis
The moderately restrictive policy (IRR 0.84, 95% CI 0.72-0.97, p = 0.019) and the most restrictive policy (IRR 0.70, 95% CI 0.58-0.85, p < 0.001) were associated with decreased risk of road traffic deaths. In motorcyclists, most restrictive (IRR 0.55, 95% CI 0.38-0.81, p = 0.002) and full restrictive policies (IRR 0.52, 95% CI 0.29-0.94, p = 0.032) were associated with decreased risk of death. In pedestrians, most restrictive policy was associated with decreased risk of mortality (IRR 0.71, 95% CI 0.54-0.93, p = 0.012). Table 4 summarizes the unadjusted analysis and multivariate analysis results.
Sensitivity Analyses
Multivariate comparisons after 2000 demonstrated that moderately restrictive (IRR 0.83, 95% CI 0.70-0.99, p = 0.003) and most restrictive policies (IRR 0.73, 95% CI 0.55-0.97, p = 0.028) were associated with decreased risk of road traffic deaths. For motorcyclists, moderately restrictive (IRR 0.66, 95% CI 0.48-0.91, p = 0.012), most restrictive (IRR 0.46, 95% CI 0.26-0.83, p = 0.009) and full restrictive policies (IRR 0.38, 95% CI 0.16-0.90, p < 0.001) were associated with a decreased risk of mortality. Table 5 summarizes the results of the sensitivity analysis.
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Discussion
We found that the local implementation of more restrictive alcohol policies in the city of Cali was associated with a decreased risk of road traffic deaths. We found that this association was significant when controlling for several confounders and sustained in the subgroups of motorcyclists and pedestrians. This suggests, consistent with prior literature, that alcohol control policies can reduce societal harm and potential associated costs (Anderson, Chisholm, & Fuhr, 2009 ).
Specifically, we found that when a policy was enacted to restrict alcohol availability after 1 a.m., the risk of traffic deaths was reduced by 30%. We also found that when the most restrictive policy was in effect, the risk of motorcyclist's deaths was reduced by 45%. This finding suggests that when the purchase of alcohol is limited, driving behavior changes: people drive less, drive more safely, and/or are less likely to drive while impaired by alcohol.
The differences in findings between modes of transport can be explained by several factors. The significant effect of the most restrictive and full restrictive policies in the mortality of motorcyclists may be explained by the enforcement measures implemented while these interventions were in effect. The increased number of checkpoints and the control mechanisms used by the traffic police (e.g., taking a vehicle off the road if the driver was intoxicated) are good examples of this.
When the most restrictive policy was in effect, we found a non-significant decrease in the risk of fatal vehicular crashes. This finding suggests that control mechanisms failed, likely because of the lack of resources (e.g., breathalyzers) or inadequate numbers of traffic control personnel in the streets.
Interestingly, mortality in pedestrians decreased during the most restrictive policy. This suggests that restricting alcohol consumption in public may reduce the number of people walking in the street while impaired by alcohol. Alcohol restriction enforcement policies included fining and arresting individuals who were consuming alcohol in public places, so it is likely that many pedestrians under the influence of alcohol were identified, and that this helped to prevent the risk of injury.
It is likely that the interventions did not have an effect on cyclists because of many factors and variables that we were unable to considered in the analysis (e.g., the construction of specific roads for bicycles). Alcohol control policies may be not an effective intervention to decrease their mortality.
There are several factors that may explain the inconsistent results across the different policies. In the case of the full restrictive policy, the lack of significance may be due to the relatively small number of days when this intervention was in effect and, therefore, the limited number of crashes during that time. This policy was usually applied only for one or two days.
We found a non-significant reduction of road traffic mortality when restrictive policies were in effect. This finding suggests that either the owners of bars did not comply with the policy adequately, or citizens perceived the early closing as repressive and thus did not comply with the law consistently.
The significant result of the moderately restrictive policy may be explained by how the intervention was applied. Although we do not know the specific dates on which this occurred, it is known that several times, bar owners worked together with the police to identify drivers of vehicles and motorcyclists who were under the influence of alcohol. This situation is reflected in the overall mortality and sensitivity analysis.
The significant result of the most restrictive policy may be explained by the fact that the the city was on a critical security alert during those periods of time, so alcohol restrictions were reinforced with other interventions (e.g., motorcycles policies). It is likely that these policies interacted to decrease the risk of mortality.
The validity of the results for the most restrictive policy may be criticized on the grounds that it was only implemented twice in separate years, unlike the restrictive and moderate policies, which were in effect for long periods of time. However, this study was a time series analysis and the unit of analysis was the day of occurrence of road traffic deaths; therefore, the number of nonconsecutive days of the most restrictive policy was sufficient to demonstrate its effect.
Almost all implementations of the lax policies took place around December, during the holidays. It may be observed that their effect is seasonal, because the data experiences regular and predictable changes that recur every calendar year. This may be a limitation, because we estimated the effect of the other interventions at different times of the year.
We addressed these factors using an interrupted time series analysis adjusted for known political variables, time trends and seasonality. The current study provides an analysis with reliable data about constantly changing hours of alcohol restriction and addresses the effect of these interventions over time on road traffic mortality.
Another limitation is that we were unable to establish the degree to which alcohol control policies were the cause of the variations in road traffic deaths at the individual level, or how many of these deaths were directly due to alcohol. Our methods provide an incomplete picture of the relationship between the availability of alcohol and the act of driving under its influence, because there is no information about drinking patterns in the population, such as frequency, quantity, variability of drinking and factors of drinking locations (Bouffard, Bergeron, & Bouffard, 2007;  ------IJADR 3(2) ------
The association between alcohol restriction policies and vehicle-related mortality in Cali, Colombia, 1998 157 Felson, 1987 Gruenewald et al., 1996; Gruenewald & Ponicki, 1995) .
Restriction policies decrease the availability of alcohol in the population by banning its sale and consumption after certain hours (Anderson et al., 2009; Giesbrecht, 2000; Gruenewald & Ponicki, 1995; Voas, Tippetts, & Fell, 2003) . Enforcing these interventions by increasing both perceived and actual arrests and penalty risk reduces the number of traffic injuries related to alcohol consumption (Chamberlain & Solomon, 2002; Eger, 2006) . However, it is difficult to establish whether vendors and consumers were compliant with the policy and how well the city enforced it. In addition, the perception of the legislation by the owners of bars and discotheques and the people of Cali remains unknown. Nonetheless, the aim of the interventions was to reduce alcohol sales and consumption, and this ecological study takes a public health approach to evaluate the effect of alcohol restriction policies on changes in road traffic death rates in the population (Holder, 2002; Perez et al., 2007; Sanchez et al., 2011; Villaveces et al., 2000; Vingilis et al., 2005) .
Conclusion
Our findings suggest that more restrictive alcohol control policies reduced traffic-related mortality in the city of Cali, Colombia. Specifically, reducing the hours of alcohol sales and public consumption was associated with a decrease in motorcyclist injury death rates. Future work should examine how alcohol restriction policies influence alcohol consumption and alcohol-risk-related behavior.
